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(S) Radio-parts assignment in a mobile cellular communication system. 

(57) A cellular communication system provides 
dynamic allocation of hardware resources and 
frequency spectrum. The cellular system in- 
cludes a server which dynamically controls the 
assignment of radio ports to a first and second 
group ; each group shares hardware resources. 
Radio ports assigned to a first group may be 
reassigned by the server to a second radio port 
group in response to a predetermined condi- 
tion, such as when the number of active users in 
the first group approaches the maximum user 
capacity of the first group. The transceiver 
hardware of each radio port is pooled on a 
group basis at the server location. This in- 
creases the user capacity of any radio port of a 
group to equal the total user capacity available 
at that group, as well as making more efficient 
use of transceiver resources. 
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Field of the Invention 

The invention relates to radio communication 
systems and, more particularly, to an arrangement for 
providing a radio communication system access to a 
switching network. 

Background of the Invention 

The telecommunications service vision for the fu- 
ture includes personal communications services 
(PCS), a term which denotes ubiquitous service for 
voice, data and other digital services from/to any 
place. The PCS service definition also includes radio 
ports for providing ubiquitous wireless access to the 
switched network from small, light-weight, low-power 
PCS radio terminals (portables or mobiles). Another 
future telecommunications network might be a wire- 
less subscriber loop, in which the link between cus- 
tomers and the network is a fixed or nearly fixed radio 
link rather than copper twisted-pair. We illustrate our 
invention in the context of PCS but it is fully applicable 
to other radio access networks such as wireless sub- 
scriber loop. 

With reference to FIG. 1 A, an illustrative prior art 
proposed PCS network is shown. Each geographical 
area, called a microcell (M1 - MM), includes a radio 
port (RP1 - RPM) used to transmit and receive multi- 
plexed radio frequency (RF) signals to/from multiple 
mobiles (101-110, 111-20). Each mobile has a sepa- 
rate channel in the multiplexed RF signal (e.g., 101 
uses RF1). The different radio frequency (RF) chan- 
nels served by a radio port are defined in time (i.e., 
TDMA), frequency (i.e., FDMA), or code space (i.e., 
CDMA), or some combination thereof. Each RF signal 
channel received by the radio port is processed by a 
multi-channel receiver module (e.g., MCR1) which 
produces a received digital signal stream from each 
channel (e.g., DIRfrom RF1R). Similarly, the trans- 
mitted signals require a multi-channel transmitter 
module (e.g., MCT1) at the radio port. The radio ports 
are connected via dedicated baseband digital lines 
(130) to a local radio access controller (140) which 
provides access to the switching network (160) via 
dedicated baseband digital lines (150). 

In a PCS network, there are expected to be nu- 
merous radio ports, each using low power and radi- 
ating in a limited geographical area called a microcell. 
Smaller cells allow more frequency re-use within a 
geographical area, thus resulting in a larger capacity 
(maximum number of calls for given radio spectrum) 
in that area. With smaller cells, the RF transmission 
power can be lower. A microcell is expected to have 
a radius from 1 50 to 300 meters. For many scenarios, 
e.g., residential suburbs, the microcell size choice is 
driven more by low-power (10 to 100 mW) require- 
ments than capacity requirements. The small cell 
size results in a very large number of microcelis, each 



with a radio port, needed to cover a given geograph- 
ical area. Consequently, with the large number of ra- 
dio ports needed, it is important that radio ports be 
low-cost Also, a multitude of radio ports requires an 

5 extensive radio access controller and interconnection 
network for connecting all the radio ports. Thus, a 
continuing problem exists to reduce the cost of the 
physical implementation of a PCS network. In con- 
trast to the cells of today's cellular systems, the aver- 

10 age traffic demand per microcell is very small, with 
significant temporal variations. There exists a need 
for a system that can allocate capacity and resources 
to the microcelis efficiently and dynamically in re- 
sponse to traffic fluctuations. 

15 FIG. 1B shows another illustrative prior art pro- 

posed PCS network with analog RF transport and 
fixed simulcasting (for example, see Cablevision Sys- 
tems Corporation's FCC Experimental License Pro- 
gress Reports , November 1992 and August 1993). 

20 Radio access within a microcell (M1 - MM) is provided 
by a platform microcell repeater (R1 - RM). The multi- 
channel transmitter (MCT1) and receiver (MCR1) in 
FIGS. 1 A and 1B are similar and operate in the same 
manner. In FIG. 1B, they are shared by the microcelis 

25 M1 - MM and located remotely from them in base sta- 
tion 180. The radio users in FIGS. 1Aand 1B (101- 
110, 111-120) are identical and operate in the same 
manner. The air interface signals are transported in 
analog form between the repeaters R1 - RM and the 

30 base station over coaxial cable network 1 70. In the re- 
peaters, the downstream signals and upstream sig- 
nals undergo block frequency conversion in the trans- 
mit block frequency converters (TFC1 - TFCM) and 
the receive frequency converters (RFC1 - RFCM), re- 

35 spectrvely. The base station 180 provides access to 
the switching network 160 using digital lines 150. Ca- 
pacity is shared among a group of microcelis by radi- 
ating the same air-frequency signal from the repeat- 
ers of the microcelis in the group. In the upstream di- 

40 rection, the information received by each repeater is 
combined with that of other repeaters in the group. 
We call this mode of operation single-frequency sim- 
ulcasting. 

Prior art microcellular systems that use analog 
45 RF transport, like the one shown in FIG. 1B, use fixed 
simulcasting in which the composition of the simul- 
cast group of microcelis is predetermined and fixed. 
Since the microcelis of a simulcast group also define 
a radio coverage area over which capacity is shared, 
so there are fixed simulcast areas in which capacity is 
shared. The prior art includes the concept of cell- 
splitting in which a simulcast group is split into two 
simulcast groups in order to accommodate a growth 
in traffic. The prior art systems are limited, however, 
55 in that they cannot respond to dynamic variations in 
the spatial distribution of traffic. While the radio port 
in the prior art has some of the technology needed for 
effecting a reconfiguration of the simulcast group, the 
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prior art systems do not include a control architecture 
that supports dynamic reconfiguration. Moreover, su- 
perimposing a control architecture on the system 
shown in FIG. 1B is not sufficient. 

Summary of the Invention 

In accordance with the present invention, re- 
duced cost and improved service are provided in a 
wireless communication system by dynamic and effi- 
cient allocation of hardware resources and frequency 
spectrum. This is achieved by being able to flexibly 
assign and reassign traffic carried by a large number 
of radio ports to available hardware resources. The 
microcellular system includes a local radio access 
controller which dynamically controls the assignment 
of a radio port to one of a plurality of sets, each served 
by a radio port group server. Radio ports in one set 
are operated in single-frequency or multi-frequency 
simulcast mode. Multi-frequency simulcast refers to 
operation in which the information transmitted from 
multiple radio ports is the same, but the air-frequency 
bands are different. The radio ports in one set share 
the capacity of a radio port group server, and all the 
capacity of the radio port group server can be made 
available to one radio port. More particularly, the 
present invention enables radio ports assigned to a 
first set to be reassigned by the server to a second ra- 
dio port set in response to a predetermined condition. 
One illustrative condition is when the number of ac- 
tive users in the first set approaches the maximum 
user capacity of the first set. The system can be used 
for FDMA, TDMA, and CDMA types of radio transmis- 
sions over the air. The transport medium connecting 
the radio ports can be coaxial cable, optical cable, or 
a radio type facility. According to another aspect of 
the invention, radio port identification information is 
communicated from the radio ports to the group ser- 
ver by a signal either superimposed on the data sig- 
nals or carried on a separate channel, thus allowing 
the group server to map the dynamic distribution of 
users. 

Brief Description of the Drawing 

In the drawing, 

FIGS. 1Aand 1B show illustrative prior art pro- 
posed PCS networks; 

FIG. 2A shows an illustrative analog microcellular 
system, as defined in the present invention, in- 
cluding a block diagram of a radio port and the ra- 
dio port server; 

FIG. 2B shows an example of the frequency 

spectrum plan on the coax cable as well as on the 
air; 

FIG. 3 shows an illustrative novel PCS network, 
as defined in the present invention, using RF ana- 
log transport over a coax/fiber network, and dy- 



namic FDMA of reconfigurable simulcast groups; 
FIG. 4A shows prior art fixed channel allocation; 
FIG. 4B shows prior art dynamic channel alloca- 
tion; 

5 FIG. 4C illustratively shows dynamic channel and 

resource allocation of the present invention; 
FIG. 5 shows another embodiment of a radio port, 
radio port group server, and transport medium of 
the present invention; 

10 FIG. 6A shows an illustrative system control ar- 

chitecture of the present invention; 
FIG. 6B illustratively shows a radio port identifi- 
cation procedure, of the present invention, using 
superimposed phase information; 

15 FIG. 7A shows an illustrative system load condi- 

tion; and 

FIG. 7B shows an illustrative control flowchart for 
radio port reassignment 

20 Detailed Description 

With joint reference to the prior art proposed PCS 
network of FIG. 1 and the present invention of FIG. 2, 
we describe the improvement provided by the present 

25 invention. 

The mobile units of FIG. 1A (e.g., 101-110) and 
of FIG. 2A (e.g., 270-279) are identical and operate in 
the same manner. Each mobile unit (e.g., 101) may 
receive voice or data which is digitized, illustratively, 

30 into a digital channel (e.g., D1) and then modulated 
onto one of the RF frequencies (RF1 - RFN) available 
at radio port.RP1. In the example of FIG. 1A, mobile 
unit 101 was assigned RF frequency RF1, although 
it could have been assigned to any unoccupied radio 

35 frequency in the frequency band RF1 - RFN handled 
by radio port RP1. 

The multi-channel receiver module MCR1 of RP1 
receives the modulated signal RF1R transmitted 
from mobile unit 101 and converts it into the received 

40 digital signal D1R. Similarly, the transmitted digital 
signal D1T is modulated by multi-channel transmitter 
MCT1 to produce a modulated signal RF1T (RF1T * 
RF1R) transmitted from RP1 and received by mobile 
unit 101. Controller 1 of RP1 controls the selection of 

45 radio frequencies RF1 - RFN and the modulation/de- 
modulation of the digital signal/RF signal, respective- 
ly. Controller 1 also controls the transmitting/receiv- 
ing of the digital signals to/from the Local Radio Ac- 
cess Controller (LRAC) 140 over one of the commu- 

50 nication facilities 130. In radio port RPM, controller M 
and multi-channel module MCRM and multi-channel 
transmitter module MCTM perform the same func- 
tions for mobile units 111-120. 

It should be understood that, while the present in- 

55 vention of FIG. 2A is described as utilizing well-known 
Frequency-Division Multiple Access (FDMA) over the 
common-air interface, other well-known modulation 
schemes such as Time Division Multiple Access 
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(TDMA) or Code Division Multiple Access (CDMA) 
could also be utilized. 

With reference to FIG. 2A, we briefly describe the 
features of the present invention. One feature is the 
use of low-cost, small radio ports. Since in the illus- 
trative embodiment of FIG. 2A we are using a coaxial 
distribution network 230 utilizing analog transport 
and dynamic FDMA, the function of the radio port 
RP1 is that of a receiving/transmitting antenna and 
frequency converter. This is implemented with very 
low-cost RF components. The components used here 
are close to the bare minimum for any radio port at- 
tached to a broadband coax medium. Any analog 
transport scheme using broadband coax would typi- 
cally use frequency conversion to enable transport at 
frequencies compatible with the coaxial cable trans- 
mission characteristics, as welt as the frequency 
spectrum of other services which share the cable 
(e.g., cable television (CATV) distribution). The use of 
programmable oscillators (PO) rather than fixed ones 
provides an improvement of the present invention 
over the prior art illustratively shown in FIG. 1B. The 
programmable oscillator allows the radio port to dy- 
namically access any of the radio port group servers 
which are on the same network. For example, each 
radio port group server would be assigned its own fre- 
quency band for communicating to its simulcast set of 
radio ports over the shared broadband network. By 
simply retuning the programmable oscillator in the ra- 
dio port, the radio port could be reassigned from the 
simulcast sets of a first radio port group server to that 
of a second radio port group server. The simulcast 
groups of radio ports access their respective radio 
port group servers using dynamic frequency-division 
multiple access (FDMA). This functionality is ach- 
ieved at nominal increase in cost and complexity and 
will be discussed more completely in the description 
of FIG. 3. 

Another feature of the present invention is the 
centralized location and sharing of hardware resourc- 
es. The radio ports do not include digital transceiver 
resources. Instead, these transceiver resources are 
located centrally at the server 200 location. Further, 
the dynamic FDMA feature of the present invention al- 
lows optimal sharing of the transceiver resources. 
Since the radio ports share resources at a central lo- 
cation and do not have dedicated resources, two im- 
portant cell-planning issues of adequate radio cover- 
age and adequate capacity (spectrum and transceiv- 
er resources) are decoupled. Radio ports (microcells) 
can be installed to provide adequate radio coverage, 
while the capacity demands of a geographic region 
are met by the aggregate capacity of all the multi- 
channel transceivers at the hub. Since resources are 
not dedicated in small quantities such as 2 to 7 chan- 
nels per microcell, but shared in large quantities such 
as 20 to 70 channels per flexible group, there are stat- 
istical gains in resource budgeting to achieve a de- 



sired amount of blocking. For example, assume each 
microcell is expected to have peak traffic load of 2 ac- 
tive calls and the desired blocking probability is 1%. 
In the prior art shown in FIG. 1 A, at each microcell a 

5 transceiver with 7 frequency channels (N = 7) must be 
installed. If we consider 10 such microcells, then there 
are a total of ten transceivers installed, each with ca- 
pacity of seven channels, 70 transceiver channels in 
total. In the present invention, a transceiver which 

10 serves 10 microcells would have to have 30 frequen- 
cy channels to provide the same blocking probability, 
a 56% reduction from the dedicated case. These 30 
channels would be shared by the mobile units served 
by all the radio ports, RP1 - RPM, served by server 

15 200 of FIG. 2A. Thus, each of the radio ports 
RP1...RPM can utilize up to 30 channels so long as 
the total of the channels utilized by radio ports 
RP1...RPM (served by server 200) does not exceed 
30 channels. Utilization of the PCS network of the 

20 present invention results in either 1) a reduced prob- 
ability of blocking for a given number of mobile units 
or 2) a greater number of mobile units being accom- 
modated with the same probability of blocking than is 
possible in the proposed prior art PCS network of 

25 FIG. 1A 

With reference to the prior art shown in FIG. 1B 
and the present invention illustrated in FIG. 2A and 
FIG. 3, an improvement provided by the present in- 
vention is the ability to dynamically allocate hardware 

30 resources and spectrum. As noted, it is attractive to 
group together a set of microcells to form a larger 
group of mobiles which share capacity (spectrum and 
hardware resources). The FIG. 2A arrangement is de- 
signed to enable this grouping in a flexible manner. A 

35 straightforward means of grouping a set of microcells 
together is to radiate the same information from the 
radio ports of the microcells in the group. Similarly, 
during a receive operation, all the information at all 
the radio ports in the set is combined as one. This 

40 mode of operation is called simulcast. Note that we 
use the term simulcast to denote the simultaneous 
transmission of the same information from different 
radio ports, but the transmission can occur at differ- 
ent air frequencies. In the prior art (e.g., that illustra- 

45 tively shown in FIG. 1 B), the radio ports which oper- 
ate in simulcast mode are fixed in a predetermined 
manner such that it is difficult to change the compo- 
sition of radio ports in the simulcast groups; we term 
this fixed simulcast. As shown illustratively in FIG. 3, 

so the present invention provides for multiple radio port 
group servers to share the same broadband medium 
using FDMA. By exploiting the functionality of the 
programmable oscillators and filters in the radio port, 
each radio port can be assigned to select the signal 

55 from any one of the radio port group servers. Thus the 
set of radio ports which communicate with one radio 
port group server and form a simulcast group can be 
modified in an arbitrary and dynamic manner. This 
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capability further increases the efficiency of trans- 
ceiver use because the effective number of users 
sharing the resources is larger than in the fixed sim- 
ulcast case. Thus even fewer transceiver channels 
are required to provide a particular blocking probabil- 
ity. We shall term this operation dynamic simulcast. 
A system involving simulcast typically involves a 
handoff when the mobile moves from one simulcast 
group server to another, but not when a mobile moves 
within a simulcast group. 

In our scheme, all the users in the microcells that 
are part of one simulcast group share capacity, which 
is dictated by spectrum as well as hardware resourc- 
es. In the prior art classic cellular paradigm with Fixed 
Channel Allocation (FCA), the air spectrum and hard- 
ware resources are shared by the users in one cell, 
as depicted in FIG. 4A. In FIG. 4A, each antenna has 
a one-to-one relationship with the air frequency 
bands (each air frequency band may include one or 
more channels). In the classic cellular paradigm with 
Dynamic Channel Allocation (DCA), the hardware re- 
sources are shared within one celt while the air spec- 
trum is shared across multiple cells as shown in FIG. 
4B. In other words, the air channels that can be used 
at one antenna are not fixed to one band, but are dy- 
namically allocated. In both cases, the hardware re- 
sources are dedicated to each cell. Under non-uni- 
form traffic distribution across cells, even though the 
spectral resources are used efficiently through dy- 
namic channel allocation, the hardware resources at 
each cell must be budgeted for some maximum traf- 
fic. This could be wasteful, especially as the size of 
(micro)cells shrinks. In comparison, the present in- 
vention shares both spectrum and hardware resourc- 
es. As shown in FIG. 4C, the assignment of radio 
ports to cable bands (with each cable band serving 
one simulcast group) is flexible. So is the choice of 
the air bands used at each of the radio ports. Dynamic 
allocation is achieved by dedicating hardware re- 
sources and spectrum to each resource-sharing 
* group server, and allowing the assignment of micro- 
cells to group servers to be dynamic and flexible. Ca- 
pacity allocation thus involves channel allocation as 
well as hardware resource allocation. 

Additionally, the dynamic simulcast feature of the 
present invention reduces the effect of "hotspots". A 
hotspot is a highly localized group of radio users 
which can potentially overload a microcell. For exam- 
ple, mobile units located in automobiles stuck in a 
traffic jam overload the local microcells while other 
microcells along the highway remain less utilized. In 
a system with immobile users, such as wireless sub- 
scriber loop, a hotspot can occur when one or more 
users in one microcell take up a lot of bandwidth. Dy- 
namic allocation enables the server to reassign a ra- 
dio port from a busy simulcast group to another less 
busy simulcast group, thereby enabling the remaining 
radio ports of the busy simulcast group to increase 



their average traffic per cell. In the most extreme 
case, a single radio port can take all the resources of 
the multi-channel transceiver, the simulcast group 
therefore consisting of exactly one radio port 

5 With reference to FIG. 2A f in accordance with the 

present invention, we have recognized that there are 
statistical advantages obtained by removing the mul- 
ti-channel transmitter/receiver (transceiver) module 
(e.g., MCR1 and MCT1 typically found in an RP1, as 

10 shown in FIG. 1A) from each radio port RP1 - RPM 
and co-locating them as part of multi-channel trans- 
ceiver 201 of server 200. The result is that multi-chan- 
nel transceiver 201 resources are shared among all 
mobile units of all of the microcells (RP1, RP2, ... 

15 RPM) rather than having each microcell transceiver 
shared only among the mobile units of that cell. 

In our PCS network of FIG. 2A, each radio port 
RP1 - RPM does not demodulate the RF signal to a 
digital signal stream as in FIG. 1, but rather functions 

20 as a frequency converter to convert the modulated 
RF signal to a frequency band compatible with the co- 
axial cable, optical fiber, or microwave radio distribu- 
tion network, hereinafter network 230, used to dis- 
tribute the RF signals between server 200 and radio 

25 ports RP1 - RPM. (In the case of optical fiber, an elec- 
tronic-to-optical conversion is also necessary.) The 
network 230 can utilize a tree-and-branch or other to- 
pology. The signals carried between the server 200 
and the radio ports RP1 - RPM are multiplexed, 

30 modulated RF analog signals (analog transport). The 
frequency conversion of the RF frequencies in the ra- 
dio ports RP1 - RPM ensure that low-loss and spec- 
trum-compatible transmission occurs over the net- 
work 230. 

35 The RF components utilized in radio port RP1 

250, of FIG. 2A, are essentially the same low-cost RF 
components that would have been utilized in the RF 
front end of the radio ports of FIG. 1 . However, the 
programmable oscillators (PO) 253 and 262 replace 

40 the fixed oscillator of the radio ports of FIG. 1. 

The PCS network of FIG. 2A includes a server 
200 including radio port group server 210 and multi- 
channel transceiver 201 which connects over dedi- 
cated baseband digital lines 202 to switching center 

45 202A. The server 200 connects over network 230 to 
radio ports RP1 (250), RP2 through RPM. Radio port 
RP1 (250), as well as the other radio ports RP2 - 
RPM, communicate using radio frequencies to their 
respective mobile units (e.g., 270-279). Controller 

so 221 of server 200 sends/receives control signals over 
a control signaling channel of network 230 to control- 
ler 264 of radio port 250. The control signal enables 
controller 221 of radio port group server 210 to con- 
trol the frequency of programmable oscillator 253 and 

55 262 of radio port 250. 

As previously noted, the multi-channel transceiv- 
er 201 of server 200 includes the transceiver utilized 
by radio ports RP1 - RPM. Radio port group server 
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210 includes narrowband filter 211 which couples the 
multiple bands of analog frequency signals from the 
multi-channel transmitter 203 of transceiver 201 to 
mixer 212. In mixer 212, the multiple frequency bands 
from filter 211 are mixed with the frequency from pro- 
grammable oscillator PO 222 into the cable spectrum 
frequency bands shown by 290 of FIG. 2B. The band- 
pass filter 213 couples the signals from mixer 212 to 
amplifier 214 which amplifies the signal before it is 
coupled through directional coupler 215 to network 
230. 

For illustrative purposes, assume radio port 250 
is handling the downlink frequency band (shown as 
294 of FIGS. 2A and 2B) that extends from 480.0 - 
480.7 MHz. At radio port 250, the frequency band sig- 
nal at 480.0 - 480.7 MHz passes through splitter/cou- 
pler 251 to bandpass filter 252. The filtered output 
signal then is up-converted or modulated in mixer 254 
with a 1700 MHz signal from PO 253 to generate a 
2180.0 - 2180.7 MHz signal (shown as frequency 
band 295 of FIGS. 2A and 2B). The 2180.0 - 2180.7 
MHz signal is filtered by narrowband filter 255, am- 
plified by amplifier 256 and coupled via directional 
coupler 257 to antenna 258 of radio port 250. The 
2180.0 - 2180.7 MHz signal is then transmitted to the 
active mobile units 270 - 279. 

The corresponding 2130.0 - 2130.7 MHz uplink 
signal (shown as frequency band 296_of FIGS. 2Aand 
2B) is received from the active mobile units (270 - 
279) by antenna 258 and coupled by directional cou- 
pler 257 to narrowband filter 259. The uplink signal 
output of narrowband filter 259 is amplified by ampli- 
fier 260 and down-converted or demodulated in mixer 
261 using a 2100 MHz signal from PO 262 to obtain 
a 30.0 -30.7 MHz signal representing the uplink fre- 
quency band (shown as 297 of FIGS. 2A and 2B). The 
output of mixer 261 is filtered by 263 and coupled by 
directional coupler 251 to network 230. 

At radio port server 210, the 30.0 - 30.7 MHz up- 
link frequency band signal 297 is coupled by direc- 
tional coupler 2 1 5 to filter 21 6. The output of filter 21 6 
is demodulated in mixer 21 7 using the signal from PO 
218, filtered by filter 219 and amplified by amplifier 
220. The signal output of amplifier 220 is converted 
to a digital signal in the multi-channel receiver 204 of 
transceiver 201 and sent over digital lines 202 to 
switching network 202A. 

As shown in FIGS. 2A and 2B, radio port server 
210 handles the frequency band 1 (comprising the 
frequency band 480.0 - 480.7 MHz). The frequency 
band 1 can be accessed by any of the radio ports RP1 
- RPM which connect to network 230. Assuming that 
the frequency band 1 can handle 1 0 channels, control 
unit 221 can dynamically assign 10 communication 
channels among the users in microcells M1 - MM 
served by the radio ports RP1 - RPM. Thus each of 
the radio ports RP1 - RPM can serve up to 10 active 
users so long as the total number of active users 
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served by radio ports RP1 - RPM does not exceed 10 
active users 

With reference to FIG. 3, we describe how a ser- 
ver 350 (including multiple radio port group servers 
5 301 , 302 and 303) can share, via coupler 314. the dis- 
tribution network 320 and radio ports A1-A4, B 1 - 
B 3, and C 1 - C 2. In FIG. 3, group servers 301 ( 302 
and 303, transceiver hardware resources 307, 308 
and 309, and radio ports A1-A4.B1-B3 and C 1 

10 - C 2 operate in the same manner as previously de- 
scribed in FIG. 2. Server 350 connects, via local radio 
access controller 340, to switching center 300. 

In FIG. 3, we describe our proposal of using dy- 
namic FDMA to achieve dynamic simulcast Each 

15 simulcast group server 301 - 303 is mapped to its own 
cable frequency band 304 - 306, respectively, and al- 
located a set of transceiver hardware resources 307 
- 309, respectively. In each group server, all the users 
in the microcells belonging to the group share the net- 

20 work band and hardware resources. Thus, for an 
FDMA air inteface format, a user in a microcell served 
by radio port A 1 can use a frequency channel 31 1 and 
maintain that channel when he/she moves to another 
microcell in the same simulcast group, such as the mi- 

25 crocell served by radio port A2. ForTDMAand CDMA 
air interface formats, the network channel will be de- 
termined by a time slot and a user code, respectively. 
Moreover, users served by radio port A 1 can "hog" all 
the channels of frequency band A 304 allocated to 

30 server A 301 , leaving no channels for users in the mk 
crocells served by radio ports A2, A 3 and A4. Hence, 
the total frequency channel allocation to server A301 
can be arbitrarily shared among the radio ports A 1, 
A 2, A 3 and A 4. This is the same as fixed simulcast. 

35 According to the dynamic simulcast feature of the 

present invention, the assignment of radio ports can 
be changed from one group server to another in re- 
sponse to predetermined conditions. Assume, for ex- 
ample, that group server B 302 and its associated ra- 

40 dio ports B 1 - B 3 (microcells) are located to serve a 
highway 330. Assume that the group server B 302 has 
transceiver hardware 308 sufficient to handle M 
channels (or users). As previously noted, up to M 
channels can be utilized by any of the radio ports B 

45 1 - B 3 so long as the total used by all of the radio ports 
B 1 - B 3 do not exceed the M channels allocated to 
group server B 302. Assume now that a traffic jam 
has occurred in the microcell served by radio ports B 
1 and B 2 resulting in increased user traffic, while 

so downstream of the traffic jam the microcell served by 
radio port B 3 has little user traffic. According to the 
present invention, the controller 318 of group server 
B 302 includes means for detecting when the number 
of active users equals a predetermined number M1 

55 which is less than or equal to its user capacity M. 
When this occurs, the controller 318 of group server 
B 302 communicates over path 312 to the controller 
317 of group server A 301 to arrange the reassigning 

6 
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of radio port B 3 to server group A 301 . If group server 
A 301 is operating at an active user load of N1, well 
below its maximum user capacity of N, then it may be 
willing to accept that assignment of radio port B 3 as 
long as the resulting user load N2 is still less than N. 
The result is that radio port B 3 would be reassigned 
as radio port A 5 as part of group server A 301 . Group 
server B 302 would then be able to distribute its total 
user capacity M among only radio ports B 1 and B 2. 
The result is that each radio port B 1 and/or B 2 could 
now accept additional users. 

If user traffic further increased, it might be pos- 
sible for group server B 302 to reassign radio port B 
1 or B 2 to group server A 301 or to another group ser- 
ver, C 303, if excess capacity were available thereat. 
Rather than having controller 318 of group server B 
302 checking with both the controllers 317 and 319 of 
group server A 301 and group server C 303, respec- 
tively, it may be more practical to have local radio ac- 
cess controller 340 monitor user traffic at group ser- 
vers A- C and do the reassignment control function. 
The dynamic simulcast feature enables any radio port 
to access any multi-channel transceiver 307-309 of 
server 350. Rather than a single multichannel trans- 
ceiver being shared by a fixed set of radio ports as in 
fixed simulcast, all of the server 350*s multi-channel 
transceivers are shared by all the radio ports con- 
nected to the server. This results in even more effi- 
cient use of the transceiver 307-309 resources be- 
cause the sharing group is larger than in the fixed 
simulcast case. 

FIG. 6A illustrates a system control architecture 
of the present invention. The local radio access con- 
troller 340 is shown along with controller 310 of 
switching center 300, server A 350A, and a radio port 
250. The control paths (e.g., bus or channel 602, 604, 
606) are shown as fine lines, and data paths (e.g., bus 
or channel 603, 605, 605A) are shown as bold lines. 
The controller intelligence can be distributed over one 
or more of the controller subsystems 310, 317, 340 
and 610, or centralized at the radio access controller. 
The different controller subsystems 310, 317 and 340 
communicate over a control channel. A digital control 
bus 602 provides control interfaces between the local 
radio access controller 340, the switch controller 310, 
and the radio port group server controller 31 7. A pass- 
band control channel 606 is provided between the ra- 
dio port group server and the radio ports. The pass- 
band control channel 606 could be common for all of 
the radio ports in one group by using a common fre- 
quency carrier on the communications medium. It is 
also possible to have a dedicated control channel for 
each radio port. According to another aspect of the in- 
vention, the control information could be superim- 
posed on the upstream air interface signals trans- 
ported from the radio port to the radio port group ser- 
ver. Note that it is possible to implement the control 
architecture of the dynamic simulcasting system with- 



out altering the air interface protocol. The control 
channel 606 is used primarily to enable the dynamic 
monitoring of system condition and to perform dy- . 
namic configuration by changing assignment of the 
5 radio port from one cable band (and radio port group 
server) to another. The downstream transport 612 
and upstream transport 611 sections perform similar 
functions to the illustrative group of components (252 
- 256) and (259 - 263), respectively, in FIG. 2A. A con- 
to trol bus 613 provides interfaces between the down- 
stream transport section 612, upstream transport 
section611 and controller 610. The controller 610 has 
direct access to the received upstream air interface 
signal. A possible use for this is to provide a radio port 
15 control function whereby the controller 610 monitors 
the received RF power. If the RF power is below a pre- 
determined level as would occur when there are no 
active users in that microcell, the controller 610 could 
switch the radio port to standby by switching off the 
20 upstream amplifier (e.g., 260 of FIG. 2A). This would 
reduce the thermal noise delivered to the radio port 
group server A 301 . 

Another radio port control function can be to sup- 
port the Radio Port Identification and User Mapping 
25 (RPIUM) procedure, which we describe here. The 
controller 610 and the upstream signal transport sec- 
tion 611 of the radio port jointly send information back 
to the local radio access controller 340 to identify the 
particular radio port being used by each user. RPIUM 
30 procedures can be implemented with superimposed 
phase, frequency, or amplitude modulation. 

FIG. 6B illustratively shows an RPIUM procedure 
using superimposed phase information. The up- 
stream transport section 611 of FIG. 6A is divided into 
35 sections UT-1 (625) and UT-3 (627). Radio port ID in- 
formation is transmitted on a control channel 628 
from the controller 610 and superimposed as phase 
information in a UT-2 stage 626. The signal with su- 
perimposed radio identification is transported up- 
40 stream over the network 320. The radio port group 
server 301 that serves the simulcast group to which 
the radio port 250 belongs selects and block- 
translates the frequency band of the simulcast group. 
The receiver 620 selects the user channel through RF 
45 front end 623. The radio port ID information is extract- 
ed in the radio port ID extraction stage 622 and sent 
to the controller 317 over bus 624. This information 
can be shared with the various controllers shown in 
FIG. 6Ain order to maintain a map of user distribution 
so across the network. 

The user distribution information could be ob- 
tained by means other than the RPIUM procedure de- 
scribed above. For instance, information about the 
number of users being served by one radio port 250 
55 could be estimated by the total received RF power at 
that port. 

With reference to FIGS. 3, 7A and 7B, we de- 
scribe the control mechanism for reassignment of a 
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radio port. The radio port group servers A, B, and C 
in FIG. 3 serve radio ports A1 - A4, B1 - B3, and C1 
- C2, respectively. Let each radio port group server 
have a capacity of 20 radio users. From the RPIUM 
procedure, the local radio access controller 340 has s 
a map of the user distribution. An illustrative distrib- 
ution of users in shown in FIG. 7A. There are 16 users 
served by server A, 6 users served by server B, and 
1 0 users by server CThe radio access controller 340 
detects that there is an imbalance in user load across 10 
the three radio port group servers and that server A 
is at 80 percent of its capacity. The local radio access 
controller 340 determines that about 5 users should 
be transferred from server A to server B. Since micro- 
cells A3 and A4 each have 4 users, they are good can- is 
didates for transfer to server B. From the radio port 
map as shown in FIG. 3, it is apparent that microcell 
A3 adjoins the simulcast zone of server B whereas 
microcell A4 does not. The local radio access control- 
ler 340 thus selects A3 for transfer. The above is only 20 
an illustrative reconfiguration algorithm. Other algo- 
rithms could be used to address criteria such as load 
balance, cell contiguity, algorithm stability, fairness, 
mobility tracking, etc. Also, if user map information is 
not available, an algorithm which blindly transfers mi- 25 
crocells one at a time until the load is balanced could 
be used. 

FIG. 7B shows an illustrative control flowchart for 
implementing dynamic reconfiguration for the trans- 
fer of radio port A3 to server B as described above. It 30 
is assumed that the RPIUM procedure includes the 
following steps in its operation: 

1 and 2) The controllers 317 and 318 of servers 
A and B, respectively, send user information 
(USERJNFO) to the local radio access controller 35 
340 (LRAC). 

3) After determining the appropriate microcell 
transfer, the LRAC requests information on avail- 
able channels (C HAN N E L_Q U E RY) from server 

B controller. 40 

4) Server B controller sends information on its 
available user channels (CHANNELJNFO) to 
the LRAC. 

5) The LRAC sends a command to server B con- 
troller to reserve specific channels (CHAN- 45 
NEL_RE SERVE) for the users of the microcell to 

be transferred. 

6) The LRAC tells server A controller the neces- 
sary information about the new channels 
(NEW_CHANNELJNFO) for the users of the mi- so 
crocell to be transferred. 

7) Server A controller sends information about 
their new channel assignements (NEW_CHAN- 
NEL_ ASSIGN) to the users in the transferring mi- 
crocell. 55 

8) Server Acontroller sends acknowledgement of 
the delivery of the new channel assignments 
(ACKNOWLEDGE) to the LRAC. 



9) The LRAC sends a command to the radio port 
controller of the transferring microcell to switch to 
radio port group server B (SWITCH TO SERVER 
B). 

With reference to FIG. 5, we describe an alterna- 
tive embodiment of the system shown in FIG. 2A. The 
radio port group server 500 includes the elements 
211-214 and 216 - 222 of radio port group server 210 
of FIG. 2A. The output of amplifier 214 is coupled via 
capacitor 501 to modulate optical transmitter (e.g., 
laser) 502. The modulated output of laser 502 passes 
over fiber 503 and directional coupler (combiner/split- 
ter) 504 to fiber optic distribution network 505. The ra- 
dio ports RP1 - RPM connect to the fiber optic net- 
work 505 via one or more couplers 506. Radio port 
RP1 510 includes the elements 252 - 264 of radio port 
250 of FIG. 2A. The modulated optical signal passes 
through directional coupler 51 1 to optical detector 51 2 
which converts the optical signal to an RF signal and 
couples the signal to filter 252. It is then processed as 
in FIG. 2A. The mobile unit RF signals received by an- 
tenna 258 are filtered, amplified, frequency-translat- 
ed (by 259 - 261), and coupled by filter 263 to RF am- 
plifier 515. The output of amplifier 515 is coupled via 
capacitor 516 to modulate optical transmitter (e.g., 
laser) 517. The optical signal passes over optical fiber 
518 and directional coupler511 to fiber optic network 
505. In radio port group server 500, the modulated 
optical signal passes through directional coupler 504 
and is converted to an RF signal by optical detector 
519. The RF signal output is then passed to filter 216 
as previously described in FIG. 2A. 

The arrangement described in FIG. 5 enables the 
direct modulation (and demodulation) of an optical 
laser intensity by (and into) RF signals and allows 
subcarrier multiplexing of the signals over the optical 
network 505. The multiple access of the radio port 
group servers is still achieved by FDMA of the inten- 
sity-modulated signals. Other optical modulation 
techniques could be used, such as phase or frequen- 
cy modulation of the optical carrier. The RF frequen- 
cies over the network can be chosen such that the re- 
quirements on the optical transmitters (linearity and 
frequency response) are relaxed from those of typical 
CATV transmitters. 

What has been described is merely illustrative of 
the application of the principles of the present inven- 
tion. Other arrangements and methods can be imple- 
mented by those skilled in the art without departing 
from the spirit and scope of the present invention. 

For example, in the description we measured the 
capacity of the spectrum or hardware resources in 
terms of number of users. A more general measure of 
capacity is in terms of information bandwidth, in 
which one user using a high data rate uses up more 
capacity than a low data-rate user. Also, the users 
mentioned throughout are not limited to end users. A 
user could be an interface or terminal in another com- 
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munication system such as a PBX or LAN. The net- 
work does not have to be symmetric in terms of the 
uplink and downlink number of users or bandwidth. It 
is possible and may be preferable to use different 
multiplexing schemes and even different composition 
of simulcast groups for the downlink and uplink of the 
communication system. 

The controller for monitoring the system and re- 
assigning radio ports to radio port group servers can 
be located anywhere in the system, including but not 
limited to being separate from other system compo- 
nents, in one or a number of radio port group servers, 
in one or a number of radio ports, or distributed across 
any combination of the above components. The con- 
troller can transmit and receive signaling and control 
information to and from any combination of the 
switching center, radio port group servers, radio 
ports, and users. 

The monitoring of the traffic load distribution 
across the multiple radio ports can be achieved by 
means other than radio port tagging of the uplink sig- 
nals from the users. Another technique is to detect the 
average received RF power at the radio port which, 
with power control over the common-air interface, is 
roughly porpori tonal to the number of active users in 
that microcell. Reassignment of a radio port to an- 
other radio port group server in this case would re- 
quire new call setups for the users in the reassigned 
microcell, because the radio port group server would 
not know which users would be switched. The tagging 
of the uplink signal at a radio port is not limited to a 
phase modulation superimposed on the user signal. 
Radio port identification could also be imposed by 
modulating the gain of the RF amplifier, or the power 
of the programmable oscillator, in order to superim- 
pose an AM tag. An FM tag could be imposed by mod- 
ulating the frequency of the programmable oscillator 
at the radio port. The radio port identification tagging 
does not have to be limited to signals sent down- 
stream to a group server. It would be possible to tag 
signals in the downstream direction and let the users 
extract the radio port identification. The radio users 
could then add the radio port identification data to 
their upstream information signal. 

The system controller could also use dynamic es- 
timates of the distribution of users rather than direct 
measure, and reconfigure the simulcast groups ac- 
cordingly. For example, the controller could apply an 
hourly and daily schedule to the configuration of the 
simulcast groups. The schedule would be determined 
from user demographics and traffic studies. 

In the radio port, the filtering, frequency-transla- 
tion, and transmission of the appropriate cable band 
could be realized by RF circuitry other than that 
shown in FIG. 2. For example, a two-stage frequency 
conversion in one or both directions might be neces- 
sary in order to effect the translation with standard 
image-rejection filters. In a two-stage conversion. 



either one or both of the oscillators would be program- 
mable. If appropriate frequency bands are available 
on the shared broadband medium, it might be possi- 
ble to use a single programmable oscillator for both 
5 the downlink and uplink mixers. Alternatively, the fre- 
quency band selection might be achieved with a high- 
performance programmable filter or sequence of fil- 
ters. 

The system is not limited to systems using fre- 

10 quency-division-duplex (FDD) over the air and over 
the shared broadband medium. While this is the sim- 
plest case, any combination of time-division duplex 
(TDD) and FDD over the cable and over the air could 
be accommodated. For example, with an oscillator at 

15 the radio port whose frequency is shifted synchro- 
nously with the upstream and downstream time 
frames of a time-division-duplex common air format, 
the system could operate with FDD over the transport 
medium and TDD over the air. 

20 The multiple access of the radio port group ser- 

vers over the shared broadband medium is not limited 
to FDMA. The radio port group servers could share 
access using CDMA or TDMA. In the case of CDMA, 
each radio port group server would have its own code 

25 and the rad to ports of that simulcast group would se- 
lect their signal by correlating with the appropriate 
code. It is not necessary that the downstream and up- 
stream multiplexing be of the same type. 

There are any of a number of schemes by which 

30 the controller would get information to decide on the 
distribution of microcells among the simulcast 
groups. Besides those mentioned already, the con- 
troller could simply monitor the number of active 
channels in a radio port group server. If it nears ca- 

35 pacity, the controller could transfer radio ports in that 
group to other servers until the load is more balanced. 
Also, if there is frequency planning over the air in 
which each microcell transmits a fraction of the total 
air bandwidth in order to keep interference below an 

40 acceptable level, the air frequency used by the user 
would provide some information for user mapping. 



45 



Claims 



1 . A communication system CHARACTERIZED BY 
a first radio port group server (302) having 
an information capacity which does not exceed a 
predetermined information capacity M for com- 

50 municating over a facility to a first set of radio 

ports (B1-B3), each radio port arranged to com- 
municate with one or more radio users over a ra- 
dio link, the information capacity M being shared 
among the first set of radio ports, 

55 a second radio port group server (301) for 

communicating over said facility and having a 
second predetermined information capacity N, 
and 
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a controller (340) for communicating with 
the first set of radio ports and responsive to a de- 
tected predetermined condition for changing an 
assignment of a first radio port from said first 
group server to said second group server such 
that said first radio port communicates with said 
second group server using an information ca- 
pacity which does not exceed the second prede- 
termined information capacity N. 

2. The communication system of claim 1 or 7 CHAR- 
ACTERIZED IN THAT 

said controller communicates control in- 
formation, including the change in assignment of 
said first radio port, to said first group server. 

3. The communication system of claim 1 CHARAC-* 
TERI2ED IN THAT 

said second group server communicates 
to a second set of radio ports, each radio port of 
the second set arranged to communicate with 
one or more radio users over a second radio link 
having an information capacity which does not 
exceed the second predetermined information 
capacity N, the second predetermined informa- 
tion capacity N being shared among both the sec- 
ond set of radio ports and said first radio port as- 
signed to said second group server. 

4. The communication system of claim 1 CHARAC- 
TERIZED IN THAT 

the predetermined condition is when the 
information capacity utilized by said first set of ra- 
dio ports reaches a pre-established capacity M1 
less than M. 

5. The communication system of claim 1 CHARAC- 
TERIZED IN THAT 

the first set of radio ports includes 
programmable means for selecting a fre- 
quency band for communicating with said first 
group server in response to a received control 
signal and 

frequency converters for converting said 
selected frequency band to and from a commu- 
nication channel used for communicating with the 
radio users. 



7. A communication system CHARACTERIZED BY 

a first radio port group server having an in- 
formation capacity M for communicating over a 
facility to a first set of radio ports, each radio port 

5 arranged to provide radio access to one or more 

members of a first set of radio users, the same in- 
formation being radiated by all the radio ports to 
the first set of said radio users, and information 
radiated from each radio user in the first set being 

10 received by one or more of the radio ports of said 

first set, the information capacity M being shared 
among the first set of radio users, 

a second radio port group server for com- 
municating with a second set of radio ports over 

15 said facility, and 

a radio access controller for communicat- 
ing with the first set of radio ports for dynamically 
changing an assignment of a first radio port from 
said first group server to said second group ser- 

20 ver. 

8. The communication system of claim 1 or 7 CHAR- 
ACTERIZED IN THAT 

each radio user communicates a radio port 
25 identification marker signal to enable said first 

group server to determine which radio port is be- 
ing used by each radio user. 

9. The communication system of claim 1 or 7 CHAR- 
30 ACTERIZED IN THAT 

a downstream signal from the first group 
server to the first set of radio users is carried over 
a first frequency band of said facility, translated 
in frequency at the radio ports of the first set, and 
35 radiated to radio users in the first set, and where- 

in 

an upstream signal from the first set of ra- 
dio users is received by at least one of the first set 
of radio ports, translated in frequency at the radio 
40 port to the first frequency band of said facility, 

and carried to the first radio port group server. 

10. The communication system of claim 1 or7 CHAR- 
ACTERIZED IN THAT 

45 at least one radio user is a mobile radio ter- 

minal which moves from the radio link coverage 
area of one radio port to another. 



6. The commu nication system of claim 1 or 7 CHAR- 
ACTERIZED IN THAT so 

said first and second group servers con- 
nect to a switching center, said first and second 
group servers including 

transceiver means for converting commu- 
nication signals, used for communicating with the 55 
first set of radio ports over the communication fa- 
cility, to and from digital signals used for commu- 
nicating with said switching center. 



11. A method of operating a communication system 
CHARACTERIZED BY the steps of 

at a first radio port group server, 
communicating over a facility to a first set 
of radio ports, with an information capacity M 
which is shared among the first set of radio ports; 
at each radio port, 

communicating with one or more radio 
users over a radio link having an information ca- 
pacity which does not exceed M; 
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at a second radio port group server, 
communicating over said facility at up to 
an information capacity N; and 
at a controller, 

communicating with the first set of radio s 
ports and, responsive to a detected predeter- 
mined condition, 

changing an assignment of a first radio 
port from said first group server to said second 
group server such that said first radio port com- 10 
municates with said second group server using 
an information capacity which does not exceed 
N. 
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(57) A cellular communication system provides dy- 
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spectrum. The cellular system includes a server which 
dynamically controls the assignment of radio ports to a 
first and second group; each group shares hardware re- 
sources. Radio ports assigned to a first group may be 
reassigned by the server to a second radio port group 



in response to a predetermined condition, such as when 
the number of active users in the first group approaches 
the maximum user capacity of the first group. The trans- 
ceiver hardware of each radio port is pooled on a group 
basis at the server location. This increases the user ca- 
pacity of any radio port of a group to equal the total user 
capacity available at that group, as well as making more 
efficient use of transceiver resources. 
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